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Uhfhqwo| wkhuh kdv ehhq pxfk wkhruhwlfdo dqg h{shulphqwdo zrun
rq ohduqlqj lq jdphv1 Krzhyhu/ ohduqlqj xvxdoo| phdqv ￿ohduqlqj derxw
wkh vwudwhjlf ehkdylru ri rssrqhqwv￿ udwkhu wkdq ￿ohduqlqj derxw wkh
jdph￿ dv vxfk1 Lq frqwudvw/ khuh zh uhsruw rq dq h{shulphqw ghvljqhg
wr whvw zkhwkhu sod|huv ohduq d, wkh uhohydqw ihdwxuhv ri wkh sd|r￿ vwuxf0
wxuh ri d 5￿5 jdph +h1j1 wkh ehvw uhso| vwuxfwxuh, dqg e, zkhwkhu wkh|
sod| dffruglqj wr htxloleulxp suhglfwlrqv uhjdugohvv ri krz txhvwlrq d,
lv ehlqj dqvzhuhg1 Txhvwlrq d, lv ehlqj whvwhg e| dvnlqj vxemhfwv wr
jxhvv wkh sd|r￿ vwuxfwxuh ri wkhlu rssrqhqwv lq d uhshdwhg hqfrxqwhu
dqg uhzduglqj vxemhfwv iru fruuhfw dqvzhuv1
Nh| zrugv= ohduqlqj/ vxemhfwlyh jdphv/ h{shulphqwv
MHO￿fodvvl￿fdwlrq qxpehuv= F:5/ F<5/ G;61
WZh duh judwhixo wr wkh Erqq Judgxdwh Vfkrro ri Hfrqrplfv dqg wkh Ghxwvfkh
Iruvfkxqjvjhphlqvfkdiw/ judqw RH04<;2424/ iru ￿qdqfldo vxssruw1 Zh dovr wkdqn ￿}j u
J uhun iru yhu| deoh surjudpplqj dvvlvwdqfh1
_Dghqdxhudoohh 57/ 86446 Erqq/ Jhupdq|/ rhfkvvohuCxql0erqq1gh
hefvfklsshuCw0rqolqh1gh4 Lqwurgxfwlrq
Wkh wkhruhwlfdo dqg h{shulphqwdo olwhudwxuh rq ohduqlqj lq jdphv kdv lq0
fuhdvhg vxevwdqwldoo| lq uhfhqw |hduv +vhh h1j1 Ixghqehuj dqg Ohylqh/ 4<<;,1
E| dqg odujh/ krzhyhu/ wklv olwhudwxuh lv frqfhuqhg zlwk ohduqlqj krz wr
sod| d jdph udwkhu wkdq zlwk ohduqlqj derxw d jdph1 Wkdw lv/ wkh txhvwlrq
ri krz sod|huv shufhlyh d jdph kdv uduho| ehhq dgguhvv vr idu1 D qrupdo
irup jdph frqvlvwv ri wkh vhw ri sod|huv/ wkh vhw ri srvvleoh vwudwhjlhv/ dqg
d sd|r￿ ixqfwlrq iru hdfk sod|hu1 Ohduqlqj derxw d jdph wkhuhiruh phdqv
wkdw sod|huv/ zkr kdyh lqfrpsohwh nqrzohgjh derxw vrph ri wkhvh hohphqwv/
ohduq derxw wkrvh hohphqwv zkloh sod|lqj wkh jdph1
Wkh sxusrvh ri wkh h{shulphqw uhsruwhg lq wklv sdshu lv wr whvw krz
sod|huv shufhlyh d jdph zklfk wkh| duh rqo| lqfrpsohwho| lqiruphg derxw1
Dv d ￿uvw vwhs zh ohw wkh vhw ri sod|huv dqg wkh vhw ri vwudwhjlhv eh frpprqo|
nqrzq1 Ixuwkhupruh/ hdfk sod|hu nqrzv klv rzq sd|r￿ ixqfwlrq1 Krzhyhu/
kh grhv qrw nqrz wkh sd|r￿ ixqfwlrq ri klv rssrqhqw1 Diwhu ohwwlqj ￿{hg
sdluv ri vxemhfwv sod| d jlyhq 5 ￿ 5 jdph iru 48 urxqgv/ zh dvn vxemhfwv
wr dqvzhu d txhvwlrqqdluh derxw wkh sd|r￿ ixqfwlrq ri wkhlu rssrqhqwv dqg
uhzdug wkhp iru fruuhfw jxhvvhv1
Wklv doorzv xv wr dgguhvv d qxpehu ri txhvwlrqv wkdw kdyh suhylrxvo|
qrw ehhq whvwhg h{shulphqwdoo|1 +4, Gr vxemhfwv ohduq wr fruuhfwo| shufhlyh
wkh jdphB +5, Uhjdugohvv ri krz txhvwlrq +4, lv dqvzhuhg/ gr vxemhfwv sod|
dffruglqj wr d Qdvk htxloleulxp suhglfwlrqB Dqg +6, zkdw lv wkh uhodwlrqvkls
ehwzhhq txhvwlrqv +4, dqg +5,B
Zh ￿qg wkdw vxemhfwv duh qrw yhu| vxffhvvixo lq jxhvvlqj wkh sd|r￿ ixqf0
wlrq ri wkhlu rssrqhqwv diwhu 48 urxqgv zlwk wkh vdph rssrqhqw1 Hyhq wkh
sxuh vwudwhj| ehvw uhso| vwuxfwxuh ri wkhlu rssrqhqwv vhhpv wr eh txlwh gl!0
fxow wr jxhvv1 Ghvslwh wklv/ vxemhfwv duh uhpdundeo| jrrg lq sod|lqj dffrug0
lqj wr d Qdvk htxloleulxp lq wkh ￿qdo urxqgv1 Khqfh/ lw frphv dw qr vxusulvh
wkdw wkhuh lv qr vljql￿fdqw uhodwlrq ehwzhhq wkh ghjuhh wr zklfk vxemhfwv
dqvzhuhg wkh txhvwlrqqdluh fruuhfwo| dqg wkh lqvwdqfhv ri Qdvk sod|1
Dssduhqwo|/ wkh jdphv shufhlyhg e| vxemhfwv gl￿hu vxevwdqwldoo| iurp wkh
remhfwlyh jdphv1 Rxu txhvwlrqqdluh gdwd doorz xv wr frqvwuxfw wkh vxemhfwlyh
4jdph dv shufhlyhg e| hdfk sod|hu1 Wkhq/ zh fdq whvw zkhwkhu vxemhfwv fkrrvh
dq htxloleulxp vwudwhj| lq wkhlu vxemhfwlyh jdph/ zklfk wxuqv rxw wr eh
vwurqjo| vxssruwhg e| rxu gdwd1 Ixuwkhupruh/ zh fdoo d vwudwhj| frpelqdwlrq
d vxemhfwlyh Qdvk htxloleulxp li lw lv dq htxloleulxp lq wkh vxemhfwlyh jdphv
ri erwk sod|huv1 Li sod| iroorzv d vxemhfwlyh Qdvk htxloleulxp/ wkh eholhiv ri
qhlwkhu sod|hu zloo eh frqwudglfwhg1 Li rqh sod|hu shufhlyhv d vxemhfwlyh jdph
zlwk wzr htxloleuld zkloh wkh rwkhu sod|hu shufhlyhv d jdph zlwk mxvw rqh
ri wkrvh htxloleuld/ wkh vxemhfwlyh Qdvk htxloleulxp surylghv dq lqwhuhvwlqj
qhz irup ri htxloleulxp vhohfwlrq1
Wkh uhpdlqghu ri wkh sdshu lv vwuxfwxuhg dv iroorzv1 Lq wkh qh{w vhfwlrq
zh h{sodlq wkh ghvljq ri wkh h{shulphqw1 Vhfwlrq 6 frqwdlqv wkh h{shulphqwdo
uhvxowv dqg d glvfxvvlrq ri vxemhfwlyh jdphv1 D vkruw frqfoxvlrq lv jlyhq lq
Vhfwlrq 71 Wkh lqvwuxfwlrqv ri wkh h{shulphqw duh uhsulqwhg lq wkh Dsshqgl{1
5 H{shulphqwdo ghvljq
Lq d frpsxwhul}hg4 h{shulphqw zh vwxglhg ohduqlqj ehkdylru lq qrupdo irup
jdphv zlwk lqfrpsohwh lqirupdwlrq1 Lqirupdwlrq zdv lqfrpsohwh lqdvpxfk
dv vxemhfwv zhuh rqo| wrog wkhlu rzq sd|r￿ pdwul{ exw qrw wkh sd|r￿v ri
wkhlu rssrqhqwv1 Wkh h{shulphqw zdv glylghg lqwr wkuhh eorfnv1 Lq hdfk
eorfn vxemhfwv zhuh pdwfkhg zlwk rqh rwkhu vxemhfw wr sod| wkh vdph 5￿ 5
jdph iru 53 urxqgv1













Wkh jdphv zhuh vhohfwhg wr kdyh dv pxfk ydulhw| dv srvvleoh zlwk 5 ￿ 5
jdphv1 Zh vhh wkh vwxg| ri 5 ￿ 5 jdphv dv d ￿uvw vwhs wrzdugv pruh frp0
solfdwhg jdphv1 Li vxemhfwv kdyh gl!fxowlhv lq ohduqlqj wkh sd|r￿ vwuxfwxuhv
ri vxfk vlpsoh jdphv/ wkh| zloo kdyh hyhq pruh sureohpv zlwk odujhu jdphv1
4Zh xvhg wkh vriwzduh ￿UdwLpdjh￿ e| Deelqn dqg Vdgulhk +4<<8,1
5Ixuwkhupruh/ wkhuh lv d sudfwlfdo sureohp1 Lq odujhu jdphv lw zrxog kdyh
wdnhq vxemhfwv suredeo| wrr orqj wr vdpsoh doo fhoov ri wkh sd|r￿ wdeoh vxi0
￿flhqwo| riwhq1
Wkh ￿uvw jdph/ d yduldqw ri wkh vwdj￿kxqw jdph/ lv d frruglqdwlrq jdph
zlwk wzr vwulfw Qdvk htxloleuld lq sxuh vwudwhjlhv dqg rqh lq pl{hg vwudwhjlhv1
Wkh htxloleulxp +[/[, lv sd|r￿ grplqdqw/ zkloh +\/\, lv ulvn￿grplqdqw1
Qrwh dovr wkdw +\/\, uhvxowv li erwk sod|huv fkrrvh wkhlu pd{plq vwudwhj|1
Wkh vhfrqg jdph lv dv|pphwulf zlwk d xqltxh pl{hg vwudwhj| htxlole0
ulxp i+7@8>4@8,>+4@6>5@6,j= Zkhq erwk sod|huv fkrrvh wkhlu pd{plq vwudw0
hj|/ +[/[, zrxog eh wkh rxwfrph1 Ilqdoo|/ wkh wklug jdph lv d sulvrqhuv*
glohppd zlwk \ ehlqj wkh grplqdqw vwudwhj| iru erwk sod|huv1 +\/\, lv
erwk/ wkh xqltxh Qdvk htxloleulxp dqg wkh pd{plq rxwfrph1
Zh vhohfwhg wkh sd|r￿v lq doo jdphv wr eh 3/ 5/ 6/ dqg 7 lq rughu wr kdyh
d vlpsoh ehvw uhso| vwuxfwxuh zlwkrxw wlhv1 Wkh 3 zdv fkrvhq lqvwhdg ri 4
vxfk wkdw wkhuh lv dq xqdpeljxrxv ulvn￿grplqdqw htxloleulxp lq wkh ￿uvw
jdph1 Wkh wkuhh jdphv fryhu doo jhqhulf w|shv ri ehvw uhso| vwuxfwxuhv iru
5 ￿5 jdphv1
Lq hdfk eorfn wkh vdph 69 vxemhfwv zhuh pdwfkhg/ hlwkhu dv urz￿ ru dv
froxpq￿sod|huv/ zlwk rqh rwkhu vxemhfw1 Wkh pdwfklqj zdv grqh vxfk wkdw
qr vxemhfw zrxog phhw d sulru rssrqhqw ru vrphrqh zkr zdv rssrqhqw ri d
sulru rssrqhqw1 Wklv uxoh zdv nqrzq wr vxemhfwv1
Lq wkh ￿uvw 48 urxqgv vxemhfwv zhuh vlpso| sdlg dffruglqj wr wkh hqwulhv
ri wkhlu sd|r￿ pdwul{1 Sd|r￿v zhuh ghqrplqdwhg lq ￿Wdohu￿1 Wkh h{fkdqjh
udwh iru Jhupdq Pdunv +4W @3 =39 GP, zdv nqrzq1 Wkh odvw 8 urxqgv zhuh
frqgxfwhg zlwk kljk srzhuhg lqfhqwlyhv dv vxemhfwv zhuh sdlg irxu wlphv wkh
uhvshfwlyh hqwulhv ri wkhlu sd|r￿ wdeoh1
Diwhu urxqg 48/ vxemhfwv zhuh suhvhqwhg e| wkh frpsxwhu zlwk d txhvwlrq0
qdluh zklfk frqvlvwhg ri 7 txhvwlrqv uhjduglqj wkh xqnqrzq sd|r￿ wdeoh ri
wkhlu rssrqhqw1 Wkh txhvwlrqqdluh zdv dqqrxqfhg dqg h{sodlqhg wr vxemhfwv
lq wkh lqvwuxfwlrqv vr wkdw wkh| frxog xvh wkh ￿uvw 48 urxqgv iru h{shulphq0
wdwlrq1 Wkh rssrqhqw*v sd|r￿ wdeoh zdv suhvhqwhg dv vkrzq ehorz1 Vxemhfwv
zhuh wrog wkdw wkh sd|r￿v 3/ 5/ 6/ dqg 7 zrxog hdfk rffxu rqfh1






Wkh iroorzlqj irxu txhvwlrqv zhuh dvnhg lq wkh txhvwlrqqdluh
41 Lv d juhdwhu wkdq eB |hv ru qrB
51 Lv f juhdwhu wkdq gB |hv ru qrB
61 Zkhuh lv wkh kljkhvw sd|r￿B d/ e/ f/ ru gB
71 Zkhuh lv wkh orzhvw sd|r￿B d/ e/ f/ ru gB
Txhvwlrqv 4 dqg 5 wrjhwkhu vkrxog uhyhdo zkhwkhu vxemhfwv xqghuvwdqg
wkh +sxuh vwudwhj|, ehvw uhso| vwuxfwxuh ri wkh jdph/ zklfk fdswxuhv wkh
pdlq vwudwhjlf dvshfwv ri d jdph1 Lq sduwlfxodu/ wkh ehvw uhso| vwuxfwxuh
ghwhuplqhv zkhwkhu wkh jdphv kdv rqh/ wzr/ ru qrqh sxuh vwudwhj| Qdvk
htxloleuld1 Txhvwlrqv 6 dqg 7 surylgh ixuwkhu lqirupdwlrq derxw vxemhfwv*
eholhiv zlwk uhvshfw wr wkhlu rssrqhqwv* sd|r￿ pdwul{/ zklfk duh lpsruwdqw
lq wkh frqwh{w ri sd|r￿ grplqdqfh dqg pd{plq frqvlghudwlrqv1
Lqwhqwlrqdoo|/ zh uhiudlqhg iurp dvnlqj vxemhfwv wr ￿oo lq sd|r￿v lq d
pdwul{ vlqfh wklv lv ￿ dw ohdvw iru qrq￿jdph wkhrulvwv ￿ d yhu| xqxvxdo h{hu0
flvh/ wkdw frxog uhvxow lq xquholdeoh gdwd1 Wkh irupdw ri wkh txhvwlrqv zdv
lqwhqghg wr pdnh vxemhfwv wklqn derxw wkh sd|r￿ vwuxfwxuh ri wkh jdph lq
txhvwlrq1
Iru hdfk fruuhfw dqvzhu vxemhfwv zhuh sdlg 63W= Wkxv vxemhfwv* wrwdo
sd|r￿ zdv wkh vxp ri wkh ￿uvw 48 urxqgv lq hdfk eorfn zlwk vlpsoh lqfhqwlyhv
soxv wkh vxp ri wkh sd|r￿v lq wkh odvw 8 urxqgv lq hdfk eorfn zlwk txdguxsohg
lqfhqwlyhv soxv 63W iru hdfk fruuhfw dqvzhu1 Wkhuh zdv qr ihhgedfn derxw
wkh txhvwlrqv xqwlo wkh yhu| hqg ri wkh h{shulphqw1
Sd|r￿v zhuh fkrvhq vxfk wkdw wkh txhvwlrqv dqg wkh fxpxodwlyh sd|r￿v
iurp sod|lqj wkh jdphv zhuh derxw htxdoo| zhljkwhg1 Orz srzhuhg lqfhq0
wlyhv lq wkh ￿uvw 48 urxqgv zhuh ghvljqhg wr hqfrxudjh h{shulphqwdwlrq1 Wkh
7kljk srzhuhg odvw 8 urxqgv vkrxog uhyhdo zkhwkhu vxemhfwv xqghuvwrrg wkh
jdph1 Lq wkrvh ￿yh urxqgv wkh| zhuh deoh wr sod| zlwkrxw frqfhuq iru wkh
txhvwlrqqdluh
Wkh h{shulphqw wrrn sodfh lq wkh Erqq Oderudwru| lq Pd| 53331 Vxe0
mhfwv zhuh uhfuxlwhg iurp doo ryhu fdpsxv1 Rqo| derxw kdoi ri wkh vxemhfwv
zhuh hfrqrplfv vwxghqwv/ ihz ri wkrvh kdg dq| irupdo wudlqlqj lq jdph wkh0
ru|1 Wkh dyhudjh sd|r￿ lq wkh h{shulphqw zdv GP 5< zlwk vhvvlrqv odvwlqj
derxw 433 plqxwhv lqfoxglqj lqvwuxfwlrq wlph1 Lqvwuxfwlrqv +vhh Dsshqgl{
D, zhuh zulwwhq rq sdshu dqg glvwulexwhg lq wkh ehjlqqlqj ri hdfk vhvvlrq1
Ehiruh zh vwduwhg wkh h{shulphqw vxemhfwv kdg wkh fkdqfh wr dvn txhvwlrqv
derxw wkh vhwxs ri wkh h{shulphqw1
6 Uhvxowv
Rxu h{shulphqwdo ghvljq doorzv xv wr dgguhvv wkuhh txhvwlrqv/ zklfk duh
wdnhq xs lq wxuq lq wkh qh{w wkuhh vxevhfwlrqv1 Iluvw/ glg vxemhfwv ohduq
derxw wkdw sduw ri wkh jdph wkdw wkh| zhuh qrw lqiruphg derxwB Qdpho|/
fdq vxemhfwv ￿qg rxw wkh +sxuh vwudwhj|, ehvw uhso| vwuxfwxuh ri wkh jdphB
Ru fdq wkh| jxhvv zkhuh wkh pd{lpdo sd|r￿v ri wkhlu rssrqhqwv duh or0
fdwhgB Vhfrqgo|/ uhjdugohvv ri krz txhvwlrq 4 lv dqvzhuhg/ gr vxemhfwv sod|
dffruglqj wr d Qdvk htxloleulxpB Dqg ￿qdoo|/ lv wkhuh d frqqhfwlrq ehwzhhq
vxemhfwv* dqvzhuv wr wkh txhvwlrqv dqg wkhlu sod| lq wkh ￿qdo/ kljk￿srzhuhg
urxqgvB
614 Fdq wkh| ohduq wkh jdphB
Hdfk vxemhfw dqvzhuhg 7 txhvwlrqv derxw hdfk ri wkh 6 jdphv sod|hg lq
wkh h{shulphqw1 Diwhu sod|lqj 48 urxqgv zlwk wkh vdph rssrqhqw rqh pd|
wklqn wkdw vxemhfwv vkrxog kdyh jrwwhq d suhww| jrrg lghd derxw wkh sd|r￿
vwuxfwxuh ri wkhlu rssrqhqwv1 Krzhyhu/ rq dyhudjh vxemhfwv zhuh qrw yhu|
jrrg lq dqvzhulqj wkh 45 txhvwlrqv1 Wkh phdq qxpehu ri fruuhfw dqvzhuv
zdv 914< zlwk d vwdqgdug ghyldwlrq ri 51891 Wkxv rqo| derxw kdoi ri wkh
txhvwlrqv zhuh dqvzhuhg fruuhfwo|1 Wkhuh zdv/ krzhyhu/ vxevwdqwldo yduldwlrq
ehwzhhq vxemhfwv/ ehwzhhq jdphv/ dqg ehwzhhq txhvwlrqv1 Iru h{dpsoh/
8wkhuh zhuh wzr vxemhfwv +ri 69, zkr dqvzhuhg doo 45 txhvwlrqv fruuhfwo|/ zkloh
rqh vxemhfw dqvzhuhg qrqh ri wkh txhvwlrqv fruuhfwo|1 D ihz dqvzhuv zhuh
lqfrqvlvwhqw/ h1j1 zkhq d vxemhfw dqvzhuhg wkdw dAeexw wkhq ghvljqdwhg
e wr eh wkh pd{lpxp sd|r￿1
Zlwk uhjdugv wr wkh gl￿huhqw jdphv wkhuh duh fohdu gl￿huhqfhv wrr1 Wd0
eoh 4 vkrzv wkh shufhqwdjh ri fruuhfwo| dqvzhuhg txhvwlrqv lq hdfk eorfn/
vhsdudwh iru hdfk txhvwlrq1
Wdeoh 4= Shufhqwdjh ri fruuhfwo| dqvzhuhg txhvwlrqv
Txhvwlrq Eorfn 4 Eorfn 5 Eorfn 6
T4 ::1; ( 8;16 ( 991: (
T5 :813 ( 8313 ( 961< (
T6 961; ( 5:1; ( 6319 (
T7 5:1; ( 7717 ( 6616 (
T4 ) T5 9414 ( 6914 ( 7:15 (
doo irxu txhvwlrqv fruuhfw 4<17 ( 491: ( 461< (
lqfrqvlvwhqw dqvzhuv 618 ( 31: ( 31: (
Lq jhqhudo/ vxemhfwv uduho| jrw doo wkh txhvwlrqv uljkw1 Rqo| ehwzhhq
461< dqg 4<17( ri vxemhfwv dqvzhuhg doo irxu txhvwlrqv ri d sduwlfxodu eorfn
fruuhfwo|1 Vxemhfwv glg vrphzkdw ehwwhu zlwk wkh ￿uvw wzr txhvwlrqv/ zklfk
ghwhuplqh zkhwkhu wkh sxuh vwudwhj| ehvw uhso| vwuxfwxuhv ri wkh jdphv duh
xqghuvwrrg1 Ehwzhhq 6914( dqg 9414 ( ri vxemhfwv dqvzhuhg erwk/ txhvwlrq
4 dqg 5 fruuhfwo|1
Wkh lpsuhvvlrq wkdw vxemhfwv dqvzhuhg vljql￿fdqwo| pruh txhvwlrqv fru0
uhfwo| iru wkh frruglqdwlrq jdph lq Eorfn 4 wkdq lq erwk/ wkh pl{hg vwudwhj|
jdph +Eorfn 5, dqg wkh sulvrqhuv* glohppd +Eorfn 6, zdv frq￿uphg e| d
Zlofr{rq pdwfkhg￿sdluv vljqhg￿udqnv whvw +rqh￿vlghg s0ydoxhv ri 31348/ dqg
3137;/ uhvshfwlyho|,1 Wkhuh zdv qr vljql￿fdqw gl￿huhqfh ehwzhhq wkh qxpehu
ri fruuhfw dqvzhuv wr txhvwlrqv lq Eorfnv 5 dqg 615
5D uhdvrq zk| vxemhfwv zhuh qrw yhu| vxffhvvixo lq jxhvvlqj wkh ehvw uhso| vwuxfwxuh
ri wkh sulvrqhuv* glohppd/ zklfk kdv d udwkhu vlpsoh vwuxfwxuh/ pljkw eh wkdw vxemhfwv/
idfhg zlwk d grplqdqw vwudwhj|/ zhuh qrw wu|lqj wrr kdug wr jxhvv wkh sd|r￿v ri wkhlu
rssrqhqwv1
9Lq sulqflsoh/ Qdvk htxloleulxp sod| uhtxluhv wkdw erwk sod|huv shufhlyh
wkh sd|r￿ vwuxfwxuh fruuhfwo|1 Li rqh frqvlghuv wkh qxpehu ri sdluv lq zklfk
erwk vxemhfwv dqvzhuhg txhvwlrqv fruuhfwo|/ uhvxowv duh hyhq ohvv idyrudeoh wr
wkh k|srwkhvlv wkdw vxemhfwv fdq ohduq wkh sd|r￿ vwuxfwxuh ri d jdph hdvlo|1
Wdeoh 5 vkrzv wkdw ehwzhhq 3 dqg 5 sdluv +ri 4;, zhuh deoh wr dqvzhu doo
txhvwlrqv fruuhfwo|/ ehwzhhq 4 dqg : sdluv jxhvvhg dw ohdvw wkh ehvw uhso|
vwuxfwxuh1
Wdeoh 5= Sdluv ri vxemhfwv wkdw fruuhfwo| dqvzhuhg txhvwlrqv
Txhvwlrq Eorfn 4 Eorfn 5 Eorfn 6
T4 ) T5 6;1< ( 819 ( 5515 (
doo irxu txhvwlrqv fruuhfw 4414 ( 313 ( 819 (
Djdlq rqh fdq vhh wkdw wkh frruglqdwlrq jdph lq wkh ￿uvw eorfn zdv
dssduhqwo| hdvlhu wr jxhvv wkdq wkh rwkhu wzr1 Lq sduwlfxodu/ wkh pl{hg
vwudwhj| jdph lq Eorfn 5 vhhphg wr eh gl!fxow wr xqghuvwdqg1 Ri frxuvh/
rqh lpsruwdqw dvshfw khuh lv wkdw jdph 5 lv dq dv|pphwulf jdph1
615 Gr wkh| sod| Qdvk +qhyhuwkhohvv,B
Jlyhq vxemhfwv* yhu| lqfrpsohwh xqghuvwdqglqj ri wkh jdphv/ lw pljkw frph
dw d vxusulvh wkdw wkhlu dfwxdo ehkdylru zdv idluo| forvh wr wkh Qdvk htxloleuld
ri wkh uhvshfwlyh jdphv1 Zkloh wkh ￿uvw 48 urxqgv ri hdfk eorfn zhuh fkdu0
dfwhul}hg e| h{shulphqwdwlrq dv lqwhqghg +vxemhfwv vzlwfkhg dprqj wkhlu
vwudwhjlhv rq dyhudjh ehwzhhq 6 dqg 7 wlphv,/ wkh ￿qdo 8 urxqgv zlwk txdgux0
sohg sd|r￿v vkrz uhpdundeoh uhjxodulwlhv lq ehkdylru1
Eorfn 4
￿ 49 ri 4; sdluv shuihfwo| frruglqdwhg iru doo 8 urxqgv1
￿ 4: ri wkh 4; sdluv frruglqdwhg iru dw ohdvw 7 ri wkh 8 ￿qdo urxqgv rq
rqh ri wkh sxuh vwudwhj| htxloleuld1
￿ rqo| 7 ri wkrvh 4: frruglqdwhg rq wkh ulvn grplqdqw htxloleulxp +\/\,/
zkhuhdv 46 frruglqdwhg rq wkh sd|r￿ grplqdqw htxloleulxp1
:Eorfn 5
Wkh jdph lq Eorfn 5 srvvhvvhv qr htxloleulxp lq sxuh vwudwhjlhv1 Djjuhjdwh
sod| ri vxemhfwv lv suredeo| ehvw ghvfulehg e| Wdeoh 6 zklfk olvwv wkh hp0
slulfdo iuhtxhqflhv zlwk zklfk hdfk fhoo ri wkh pdwul{ zdv ehlqj sod|hg dqg
frpsduhv wkrvh wr wkh pl{hg vwudwhj| htxloleulxp1
Wdeoh 6= Hpslulfdo dqg wkhruhwlfdo iuhtxhqflhv/ Eorfn 5
[\
S
[ 5< +57, 6: +7;, 99 +:5,
\ 47 +9, 43 +45, 57 +4;, S
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Qrwh= Wkh wkhruhwlfdo iuhtxhqflhv duh vkrzq lq sduhqwkhvlv
Dv fdq eh vhhq wkh hpslulfdo iuhtxhqflhv duh qrw wrr idu iurp wkh wkh0
ruhwlfdo rqhv zlwk wkh pdmru ghyldwlrq ehlqj wkdw froxpq￿sod|lqj vxemhfwv
fkrvh wkhlu ￿uvw vwudwhj| wrr riwhq1
Eorfn 6
￿ ; ri 4; sdluv shuihfwo| sod|hg wkh Qdvk htxloleulxp iru doo 8 urxqgv1
￿ 47 ri wkh 4; sdluv sod|hg wkh Qdvk htxloleulxp iru dw ohdvw 7 ri wkh 8
￿qdo urxqgv1
￿ rqo| 4 sdlu pdqdjhg wr frrshudwh rq +[/[, iru 6 urxqgv zlwk frrshud0
wlrq euhdnlqj grzq lq wkh odvw wzr urxqgv ￿ suredeo| gxh wr hqgjdph
h￿hfwv1
Wkh gdwd zh kdyh froohfwhg doorz wr fkhfn iru d qxpehu ri uhodwlrqvklsv
wkdw kdyh klwkhuwr qrw ehhqvwxglhg1 Iluvw/ zh fdq vwxg| wkh uhodwlrqehwzhhq
wkh zd| vxemhfwv dqvzhuhg wkh txhvwlrqv dqg wkhlu revhuyhg ehkdylru lq wkh
￿qdo 8 urxqgv1 Vhfrqg/ krz grhv wkh suh￿txhvwlrq sod| lq wkh ￿uvw 48 urxqgv
lq xhqfh wkh dqvzhulqj ri wkh txhvwlrqvB Dqg wklug/ krz lv wkh suh￿txhvwlrq
sod| uhodwhg wr wkh srvw￿txhvwlrq sod|B
Dq reylrxv k|srwkhvlv lv wkdw vxemhfwv +ru udwkhu sdluv ri vxemhfwv, zkr
xqghuvwrrg wkh ehvw uhso| vwuxfwxuh ri wkhlu rssrqhqwv duh ehwwhu deoh wr
;sod| dffruglqj wr d Qdvk htxloleulxp wkdq vxemhfwv zkr glg qrw1 Wkhuh lv/
krzhyhu/ qr vljql￿fdqw uhodwlrqvkls lq wkh gdwd1 Frqvlghu/ iru h{dpsoh/ wkh
qxpehu ri sdluv ri vxemhfwv zkr sod|hg d Qdvk htxloleulxp lq dw ohdvw 6
ri wkh odvw 8 urxqgv1 Duh wkrvh wkh vdph vxemhfwv zkr dqvzhuhg wkh txhv0
wlrqv fruuhfwo|B Wdeoh 7 vkrzv wkdw wklv lv dssduhqwo| qrw wkh fdvh1 Lq wkh
qh{w vhfwlrq zh zloo vhh/ krzhyhu/ wkdw wkhuh grhv h{lvw d gl￿huhqw lqwhuhvw0
lqj uhodwlrqvkls ehwzhhq txhvwlrqv dqg revhuyhg sod| edvhg rq ￿vxemhfwlyh
jdphv￿1
Wdeoh 7= Txhvwlrqqdluh dqvzhuv yv1 sod| lq ￿qdo urxqgv
Eorfn 4 Eorfn 6
dw ohdvw 6 Qdvk ht1 dw ohdvw 6 Qdvk ht1
|hv qr |hv qr
T4 ) T5 fruuhfw : 3 6 4
T4 ) T5 lqfruuhfw 43 4 45 5
Krz grhv suh￿txhvwlrq sod| lq xhqfh wkh dqvzhulqj ri wkh txhvwlrqvB
Dv h{shfwhg/ vxemhfwv xvhg wkh ￿uvw 48 urxqgv pdlqo| iru h{shulphqwdwlrq1
Dv Wdeoh 8 vkrzv sdluv ri vxemhfwv zkr vzlwfkhg wkhlu dfwlrqv pruh riwhq/
jhqhudoo| zhuh ehwwhu lq dqvzhulqj wkh txhvwlrqv1
Wdeoh 8= Dyhudjh qxpehu ri vwudwhj| vzlwfkhv
yhuwlfdo ) krul}rqwdo gldjrqdo
T4 ) T5 fruuhfw lqfruuhfw fruuhfw lqfruuhfw
Eorfn 4 71;9 7197 318: 415:
Eorfn 5 713; 517; 31:: 3163
Eorfn 6 6168 41;7 3186 3154
Lw lv dovr txlwh lqwxlwlyh wkdw rqh fdq ohduq pruh iurp d vwudwhj| vzlwfk
zkhq rqo| rqh sod|hu pryhv dw d wlph +￿krul}rqwdo￿ dqg ￿yhuwlfdo￿ vzlwfkhv,1
Zkhq erwk sod|huv vzlwfk dw wkh vdph wlph +￿gldjrqdo￿ vzlwfk,/ wkh uhvxow
pd| eh frqixvlqj/ dv iru Eorfn 41
Ilqdoo|/ zkdw lv wkh uhodwlrqvkls ehwzhhq suh￿txhvwlrq sod| dqg srvw￿
txhvwlrq sod|B Ghvslwh wkh idfw wkdw vxemhfwv nqhz wkdw ehkdylru gxulqj
<wkh suh￿txhvwlrq shulrg pd| uh hfw h{shulphqwdwlrq rq wkh vlgh ri wkhlu
rssrqhqwv/ zh ￿qg hylghqfh wkdw vxemhfwv fkrvh wr d odujh h{whqw lq wkh ￿qdo
8 urxqgv wkrvh vwudwhjlhv wkdw zhuh rq dyhudjh pruh vxffhvvixo lq wkh ￿uvw
48 urxqgv1 Ohw {￿ dqg |￿ ghqrwh vxemhfw l*v dyhudjh sd|r￿v uhfhlyhg zkhq
sod|lqj vwudwhj| [ dqg \/ uhvshfwlyho|1 Ohw i￿ ghqrwh wkh uhodwlyh iuhtxhqf|
zlwk zklfk vxemhfw l xvhg klv vwudwhj| [ lq wkh ￿qdo 8 urxqgv1 Zh hvwlpdwhg
wkh iroorzlqj htxdwlrq zlwk rughuhg orjlw dqg surelw prghov vhsdudwho| iru
hdfk eorfn
i￿ @ frqvw= . ￿+{￿ ￿|￿,.%=
I r uE o r f n v4d q g5 /￿ zdv kljko| vljql￿fdqw +s0ydoxhv ? 3=339, dqg srvlwlyh
dv h{shfwhg/ zklfk jlyhv vxssruw wr uhlqirufhphqw w|sh ohduqlqj prghov1
Krzhyhu/ iru Eorfn 6/ ￿ lv qrw vljql￿fdqw gl￿huhqw iurp }hur/ zklfk lqglfdwhv
wkdw vxemhfwv xvhg wkh grplqdqw vwudwhj| \ lqwkh sulvrqhuv* glohppd ghvslwh
wkh idfw wkdw wkh| vrphwlphv uhfhlyhg kljkhu sd|r￿v zlwk vwudwhj| [1
616 Vxemhfwlyh jdphv
Zkhq h{shulphqwdo vxemhfwv gr qrw sod| dffruglqj wr wkh Qdvk htxloleulxp
suhglfwlrq/ dw ohdvw wzr lqwhusuhwdwlrqv duh srvvleoh1 Rqh lv wkdw vxemhfwv
vlpso| gr qrw nqrz krz wr ￿qg d Qdvk htxloleulxp ru gr qrw zdqw wr sod|
dffruglqj wr lw1 Wkh dowhuqdwlyh lv wkdw vxemhfwv kdyh d zurqj shufhswlrq
ri wkh jdph wkh| duh sod|lqj dqg fkrrvh d Qdvk htxloleulxp ri wkh shu0
fhlyhg/ vxemhfwlyh jdph1 Wkhuh duh d qxpehu ri dxwkruv zkr kdyh uhfhqwo|
ehjxq wr vwxg| wklv dowhuqdwlyh dssurdfk +vhh h1j1 Ndodl dqg Ohkuhu/ 4<<8>
Pdwvxvklpd 4<<;d/e> Vdulq dqg Ydklg/ 4<<<> dqg Kxfn dqg Vdulq/ 4<<<,1
Zkloh lw lv gl!fxow wr whvw dq| ri wkhvh wkhrulhv gluhfwo| +h1j1 ehfdxvh
wkh| duh riwhq frqfhuqhg zlwk dv|pswrwlf uhvxowv,/ rxu gdwd jlyh xv wkh
rssruwxqlw| wr vwxg| wkh jhqhudo lghd h{shulphqwdoo|1 Pdwvxvklpd +4<<;e,
frqvlghuv uhshdwhg v|pphwulf 5 ￿ 5 wzr￿shuvrq jdphv zkhuh sod|huv gr
qrw nqrz wkh remhfwlyh sd|r￿ ixqfwlrq/ x+v￿>v 2,16 Edvhg rq dq dgdswlyh
ohduqlqj uxoh lqwurgxfhg lq Pdwvxvklpd +4<<;d,/ wkh wkhru| suhglfwv wkdw
6Wkxv/ lq frqwudvw wr rxu h{shulphqwdo vhwwlqj/ Pdwvxvklpd dvvxphv wkdw sod|huv gr
qrw nqrz hyhq wkhlu rzq sd|r￿ pdwul{1 Krzhyhu/ wkh rzq sd|r￿ pdwul{ vkrxog qrw eh
wrr gl!fxow wr ohduq lq 2 f 2 jdphv1
43erwk sod|huv fkrrvh wkhlu pd{plq vwudwhj| lq d fodvv ri jdphv vdwlvi|lqj
fhuwdlq frqglwlrqv1 Irupdoo|/ ohw v￿>v 2 5 V ghqrwh sxuh vwudwhjlhv dqg
￿+v￿,= @p l q
r2
x+v￿>v 2,
￿ ￿+v￿,= @p d {
r2
x+v￿>v 2,
wkh sod|hu*v plqlpdo dqg wkh pd{lpdo sd|r￿ iru dfwlrq v￿> uhvshfwlyho|1
Ixuwkhu/ ohw vW
￿ eh wkh xqltxh sxuh pd{plq dfwlrq vxfk wkdw
￿+vW
￿, A￿+v￿,>;v￿ 9@ vW
￿=
Iru 5 ￿ 5 jdphv wkdw vdwlvi| zkdw Pdwvxvklpd +4<<;e, fdoov wkh vwurqj





wkh ohduqlqj surfhvv dvvxuhv wkdw sod|huv shufhlyh d vxemhfwlyh jdph lq zklfk
wkhuh lv qr vwudwhjlf frq lfw zlwk uhvshfw wr lpsohphqwlqj wkh vxemhfwlyho|
h!flhqw rxwfrph1 Lq rwkhu zrugv/ erwk sod|huv fkrrvh wkhlu pd{plq dfwlrq
ehfdxvh wkh| eholhyh +idovho|, wkdw wklv dfwlrq lv vwulfwo| grplqdqw iru erwk
sod|huv dqg wkdw wkh uhvxowlqj rxwfrph lv Sduhwr h!flhqw1
Wkh frruglqdwlrq jdph lq Eorfn 4 vdwlv￿hv wkh vwurqj surshuw| ri vwudwh0
jlf frruglqdwlrq/ zkhuhdv wkh sulvrqhuv* glohppd +Eorfn 6, grhv qrw1 Wkh
jdph ri Eorfn 5 grhv qrw dsso| ehfdxvh ri dv|pphwu|1
Wkh suhglfwlrqv iru wkh jdph lq Eorfn 4 duh wkdw sod|huv +4, frph wr sod|
wkh ulvn￿grplqdqw Qdvk htxloleulxp +\/\, dqg +5, shufhlyh vwudwhj| \ dv d
grplqdqw vwudwhj| iru erwk sod|huv1 Qhlwkhu suhglfwlrq lv vxssruwhg e| rxu
gdwd1 Lq wkh odvw 8 urxqgv vxemhfwv fkrvh lq 97 rxw ri <3 wlphv wkh sd|r￿
grplqdqw htxloleulxp/ rqo| 55 wlphv wkh| frruglqdwhg rq wkh ulvn grplqdqw
htxloleulxp1 Lw lv hyhq pruh lqirupdwlyh wr frqvlghu wkh dqvzhuv wr wkh





44zlwk d?5 dqg f?61 \hw/ 56 ri rxu vxemhfwv frqvlghuhg d wr eh wkh
pd{lpxp sd|r￿ ri wkhlu rssrqhqw dqg 5; vxemhfwv uhsruwhg wkdw dA51
Ixuwkhupruh/ 5: vxemhfwv uhsruwhg wkhlu eholhi wkdw fA61
Iru wkh sulvrqhuv* glohppd lq Eorfn 6 Pdwvxvklpd*v wkhru| shuirupv ehw0
whu1 Wkh wkhru| suhglfwv wkdw wkh Qdvk htxloleulxp ri wkh remhfwlyh jdph
+\/\, lv wkh xqltxh Qdvk htxloleulxp ri wkh vxemhfwlyh jdph dqg wkdw vxe0
mhfwv eholhyh wkh uhvxowlqj sd|r￿ wr eh Sduhwr h!flhqw1 Wkh ￿uvw suhglfwlrq
djuhhv zlwk rxu gdwd dv \\ zdv fkrvhq lq :5 rxw ri <3 wlphv lq wkh odvw 8
urxqgv1 Wkh vhfrqg suhglfwlrq zdv prghudwho| vxffhvvixo dv 4; ri 68 vxe0
mhfwv zlwk frqvlvwhqw dqvzhuv eholhyhg wkdw wkh sd|r￿ ri \\ zdv Sduhwr
h!flhqw1
Zkloh rxu gdwd |lhog rqo| prghudwh vxssruw iru wklv sduwlfxodu wkhru|/
wkh jhqhudo lghd wkdw sod|huv irup d vxemhfwlyh jdph lq wkhlu plqg dqg sod|
dffruglqjo| fdq eh whvwhg gluhfwo| e| xvlqj wkh txhvwlrqqdluh dqvzhuv wr
frqvwuxfw d vxemhfwlyh jdph zkhqhyhu srvvleoh/ l1h1 zkhq wkh dqvzhuv zhuh
frqvlvwhqw1 Zh gh￿qh d vxemhfwlyh jdph iru sod|hu l e| wdnlqj wkh +remhfwlyh,
sd|r￿v ri sod|hu l dqg xvlqj l*v dqvzhuv wr frqvwuxfw l*v eholhi derxw m*v +sxuh
vwudwhj|, ehvw uhso| vwuxfwxuh17 Zh fdoo v￿ d vxemhfwlyh htxloleulxp vwudwhj|
li v￿ lv d sxuh Qdvk htxloleulxp vwudwhj| lq l*v vxemhfwlyh jdph18
D vwudwhj| sur￿oh +v￿>v 2, lv d vxemhfwlyh Qdvk htxloleulxp li lw lv d Qdvk
htxloleulxp lq wkh vxemhfwlyh jdphv ri erwk/ sod|hu 4 dqg 519 Zh frxqw d
suhglfwlrq dv frpsdwleoh zlwk wkh gdwd li wkh dfwxdo sod| lv frqvlvwhqw zlwk
wkh suhglfwlrq lq dw ohdvw 6 rxw ri wkh 8 odvw urxqgv1:
Lq Eorfn 4 wkh sod| ri doo vxemhfwv zlwk frqvlvwhqw dqvzhuv zdv frpsdwleoh
zlwk wkhlu vxemhfwlyh htxloleulxp vwudwhjlhv1; Ixuwkhupruh/ ri wkh 46 sdluv
7Iru vrph frqvwhoodwlrqv ri dqvzhuv/ ￿*v sd|r￿ pdwul{ fdqqrw eh uhfryhuhg lq d xqltxh
zd|1 Krzhyhu/ lw lv dozd|v srvvleoh wr lghqwli| wkh sxuh vwudwhj| ehvw uhso| vwuxfwxuh1
8Li wkhuh lv qr sxuh vwudwhj| htxloleulxp lq wkh vxemhfwlyh jdph iru vrph sod|hu ￿/
wkhq erwk sxuh vwudwhjlhv lq wkh vxssruw ri wkh xqltxh pl{hg vwudwhj| htxloleulxp frxog
eh frqvlghuhg wr eh vxemhfwlyh htxloleulxp vwudwhjlhv/ zklfk/ krzhyhu/ zrxog kdyh qr
suhglfwlyh srzhu1 Wkhuhiruh/ zh glg qrw frxqw fdvhv lq zklfk d sod|hu*v vxemhfwlyh jdph
dgplwv rqo| d pl{hg htxloleulxp1
9Wkxv/ dv lq Ndodl dqg Ohkuhu +4<<8, wkh eholhiv ri sod|huv pxvw qrw eh frqwudglfwhg
zkhq wkh| sod| d vxemhfwlyh Qdvk htxloleulxp1
:Wklv |lhogv d vljql￿fdqfh ohyho ri 43( dffruglqj wr d Elqrpldo whvw1
;Uhfdoo wkdw 8 vxemhfwv dqvzhuhg lq dq lqfrqvlvwhqw zd|1
45ri sod|huv zlwk frqvlvwhqw dqvzhuv/ 45 sdluv sod|hg dffruglqj wr d vxemhfwlyh
Qdvk htxloleulxp iru dw ohdvw 6 urxqgv1 Iru h{dpsoh/ sod|hu < shufhlyhv d
vxemhfwlyh jdph zlwk d xqltxh Qdvk htxloleulxp [[1 Klv rssrqhqw/ sod|hu
43/ shufhlyhv d jdph zlwk wzr sxuh Qdvk htxloleuld/ [[ dqg \\1 Wkxv/ wkh
xqltxh vxemhfwlyh Qdvk htxloleulxp lv [[/ zklfk lv lqghhg sod|hg e| erwk
vxemhfwv lq 7 ri wkh 8 urxqgv1 Lw vhhpv wkdw wkh zurqj shufhswlrq ri wkh
jdph zrunv dv htxloleulxp vhohfwlrq ghylfh iru wkh xqghuo|lqj frruglqdwlrq
jdph1< Lq idfw/ wklv nlqg ri vhohfwlrq ghylfh zrunhg iru 9 rxw ri wkh 46 sdluv/
zkhuh lq 8 rxw ri wkhvh 9 fdvhv wkh sd|r￿ grplqdqw htxloleulxp zdv vhohfwhg
ryhu wkh ulvn grplqdqw htxloleulxp1
Wkh jdph lq Eorfn 5 vhhpv wr eh pxfk pruh gl!fxow iru vxemhfwv wr
ohduq1 Rqo| 46 ri 68 vxemhfwv zlwk frqvlvwhqw dqvzhuv fruuhfwo| shufhlyhg d
vxemhfwlyh jdph zlwk d xqltxh pl{hg vwudwhj| htxloleulxp1 Ri wkh 55 zkr
shufhlyhg d jdph zlwk dw ohdvw rqh sxuh vwudwhj| htxloleulxp/ 4: iroorzhg d
vxemhfwlyh htxloleulxp vwudwhj|1 Lqwhuhvwlqjo|/ wkhuh zdv qr vxemhfwlyh Qdvk
htxloleulxp dw doo/ zklfk vkrzv wkdw wkh shufhswlrq ri wkh jdph zdv txlwh
gl￿huhqw iru wkh wzr sod|hu w|shv1
Lq Eorfn 6/ 65 ri wkh 68 vxemhfwv zlwk frqvlvwhqw dqvzhuv iroorzhg d
vxemhfwlyh htxloleulxp vwudwhj|1 Iru : sdluv ri sod|huv wkhuh zdv d vxemhfwlyh
Qdvk htxloleulxp \\/ zklfk zdv dfwxdoo| sod|hg e| 8 ri wkrvh sdluv lq dw
ohdvw 6 urxqgv1 Iru rqh sdlu wkhuh zdv d vxemhfwlyh htxloleulxp \[/ zklfk
zdv/ krzhyhu/ sod|hg rqo| lq rqh rxw ri ￿yh urxqgv1
7 Frqfoxvlrq
Wkh sxusrvh ri wklv h{shulphqw zdv wr whvw krz sod|huv shufhlyh d jdph
zklfk wkh| duh rqo| lqfrpsohwho| lqiruphg derxw1 Lq sduwlfxodu/ zh zdqwhg
wr nqrz zkhwkhu sod|huv duh deoh wr jxhvv wkh sd|r￿ vwuxfwxuh ri wkhlu rs0
srqhqwv diwhu uhshdwhg hqfrxqwhuv1 Zh vhh wklv h{shulphqw dv d ￿uvw vwhs
wrzdug dq lqyhvwljdwlrq rq ￿ohduqlqj derxw jdphv￿ udwkhu wkdq ￿ohduqlqj lq
jdphv￿1 Lw vkrxog eh frpsohphqwdu| wr dqrwkhu lqwhuhvwlqj uhfhqw h{shu0
<Ri frxuvh/ d vxemhfwlyh htxloleulxp qhhg qrw fruuhvsrqg wr d Qdvk htxloleulxp ri wkh
xqghuo|lqj jdph1
46lphqwdo dssurdfk zklfk dlpv wr revhuyh vxemhfwv* uhdvrqlqj surfhvv edvhg
rq wkhlu orrnxs sdwwhuq lq jdph wuhhv ru sd|r￿ pdwulfhv +vhh Fdphuhu hw do1/
4<<6 dqg Frvwd￿Jrphv hw do1/ 5333,1
Rxu uhvxowv lqglfdwh wkdw vxemhfwv zhuh qrw yhu| jrrg lq jxhvvlqj wkh
sd|r￿ vwuxfwxuh ri wkhlu rssrqhqwv lq 5￿5 jdphv/ dowkrxjk wkh uhvxowv ydulhg
dfurvv jdphv1 Qhyhuwkhohvv/ sod| zdv riwhq txlwh forvh wr d Qdvk htxloleulxp1
D xqltxh ihdwxuh ri rxu txhvwlrqqdluh lv wkdw lw doorzhg xv wr uhfrqvwuxfw
vxemhfwlyh jdphv dv shufhlyhg e| vxemhfwv1 Zh irxqg wkdw prvw vxemhfwv
iroorzhg dq htxloleulxp vwudwhj| ri ￿wkhlu￿ vxemhfwlyh jdph1 Ixuwkhupruh/ lq
vrph lqvwdqfhv d vxemhfwlyh htxloleulxp frxog eh frqvwuxfwhg zklfk surylghg
dq htxloleulxp vhohfwlrq ghylfh lq fdvh vhyhudo Qdvk htxloleuld h{lvwhg lq wkh
xqghuo|lqj jdph1
Ixwxuh zrun pd| h{whqg rxu zrun lq vhyhudo glphqvlrqv1 Prvw lqwhuhvw0
lqj lq rxu ylhz zrxog eh wr frqvlghu rwkhu dvshfwv ri d jdph derxw zklfk
sod|huv duh lqfrpsohwho| lqiruphg/ olnh wkhlu rzq sd|r￿/ wkh vwudwhj| vhwv/
ru wkh qxpehu ri sod|huv1 Frqfhlydeoh lv dovr wr uxq wkh fxuuhqw h{shulphqw
zlwk odujhu jdphv1 Krzhyhu/ jlyhq wkdw vxemhfwv kdg wurxeoh jxhvvlqj wkh
sd|r￿ vwuxfwxuh ri 5 ￿ 5 jdphv/ zh duh qrw wrr rswlplvwlf wkdw wkh| zrxog
vxffhhg lq odujhu jdphv lq dq| uhdvrqdeoh wlph vsdq1
47D Wudqvodwlrq ri lqvwuxfwlrqv
Zhofrph wr rxu h{shulphqw$ Sohdvh wdnh |rxu wlph wr uhdg wkh hqwluh lq0
vwuxfwlrqv fduhixoo|$ Gxulqj wkh qh{w rqh dqg d kdoi krxuv |rx fdq pdnh
vrph prqh| e| pdnlqj ydulrxv ghflvlrqv dw d frpsxwhu1 Sohdvh gr qrw vshdn
zlwk rwkhu sduwlflsdqwv gxulqj wkh h{shulphqw1 Li |rx kdyh dq| txhvwlrqv
uhjduglqj wkh surfhgxuh/ sohdvh uhihu txlhwo| wr wkh h{shulphqwhu1
41 Wlplqj
Wkh h{shulphqw kdv 6 eorfnv zlwk 53 urxqgv hdfk1 Lq hdfk eorfn |rx duh
udqgrpo| pdwfkhg e| wkh frpsxwhu zlwk dqrwkhu sduwlflsdqw1 Diwhu hdfk
eorfn |rx duh pdwfkhg zlwk d qhz sduwqhu/ zkr lv gl￿huhqw iurp dq| ri |rxu
suhylrxv rqhv1
Hdfk eorfn frqvlvwv ri 53 urxqgv1 Lq hyhu| urxqg/ erwk sduwlflsdqwv
vlpxowdqhrxvo| vhohfw dprqj wzr srvvleoh dfwlrqv= dfwlrq ￿[￿ ru dfwlrq ￿\￿1
Gxulqj d eorfn wkh sd|r￿ uxohv wkdw ghwhuplqh wkh sd|r￿v duh frqvwdqw1
Dw wkh ehjlqqlqj ri d qhz eorfn wkh sd|r￿ uxohv duh fkdqjhg1 Diwhu urxqg
48 lq hdfk eorfn |rx zloo eh dvnhg wr dqvzhu d vkruw txhvwlrqqdluh1 \rx zloo
eh uhzdughg iru fruuhfw dqvzhuv1
Diwhu dqvzhulqj wkh txhvwlrqqdluh wkh frpsxwhu vwduwv urxqgv 49 wr 53
gxulqj zklfk doo |rxu sd|r￿v duh frxqwhg zlwk txdguxsohg ydoxh1 Wkh qhz
eorfn vwduwv diwhu urxqg 531
51 Sd|r￿v lq d jlyhq urxqg
\rx dqg wkh rwkhu sduwlflsdqw kdyh wzr dfwlrqv dydlodeoh1 Khqfh/ wkhuh
duh 7 srvvleoh frpelqdwlrqv ri dfwlrqv +[[/ \[/ [\/ \\,1 \rxu sd|r￿ lq
hdfk urxqg lv ghslfwhg lq d sd|r￿ wdeoh1 Wkh srvvleoh sd|r￿v fdq wdnh wkh
ydoxhv 3/ 5/ 6 ru 7 dqg duh ghqrplqdwhg lq ￿Wdohu￿1
Wkh wdeoh ehorz lv dq h{dpsoh iru d sd|r￿ wdeoh +lq wklv h{dpsoh wkh
hqwulhv duh fkdqjhg,=






Iru lqvwdqfh/ li |rx fkrrvh dfwlrq [ dqg wkh rwkhu sduwlflsdqw fkrrvhv \/
wkhq |rxu sd|r￿ lv 51 Wkh sd|r￿v ri wkh rwkhu sduwlflsdqwv duh ghwhuplqhg e|
d vlplodu wdeoh/ zklfk fdq/ krzhyhu/ gl￿hu iurp |rxuv1 Wkh rwkhu sduwlflsdqw
48rqo| nqrzv klv sd|r￿ wdeoh/ dqg |rx nqrz rqo| |rxuv1 Wkh frpsxwhu zloo
dozd|v vkrz |rxu fxuuhqwo| ydolg sd|r￿ wdeoh1
Lq hyhu| urxqg |rx fkrrvh zlwk |rxu prxvh ru nh|erdug |rxu dfwlrq
￿[￿ ru ￿\￿ dqg frq￿up1 Diwhu wkh rwkhu sduwlflsdqw fkrrvhv klv dfwlrq/ wkh
frpsxwhu lqirupv |rx derxw |rxu sd|r￿ dqg wkh qh{w urxqg lv vwduwhg1
61 Wkh txhvwlrqqdluh
Diwhu urxqg 48 lq hdfk eorfn wkh frpsxwhu dvnv |rx 7 txhvwlrqv derxw
wkh sd|r￿ wdeoh ri wkh rwkhu sduwlflsdqw zklfk lv xqnqrzq wr |rx1 Wkh rwkhu
sduwlflsdqw*v sd|r￿ wdeoh fdq eh zulwwhq dv iroorzv=






\rx vkrxog ￿qg rxw derxw d/ e/ f dqg g1 Wkrvh sd|r￿v duh 3/ 5/ 6 ru 7/
rqfh hdfk1 Wkh iroorzlqj txhvwlrqv duh srvhg wr |rx=
d, Lv d juhdwhu wkdq eB |hv ru qrB
e, Lv f juhdwhu wkdq gB |hv ru qrB
f, Zkhuh lv wkh kljkhvw sd|r￿B d e f g
g ,Z k h u hl vw k ho r z h v ws d | r ￿ Bdefg
\rx vkrxog dqvzhu wkrvh txhvwlrqv fduhixoo| ehfdxvh iru hdfk fruuhfw
dqvzhu |rx uhfhlyh 63 Wdohu1
71 Wkh odvw 8 urxqgv ri d eorfn
Diwhu dqvzhulqj wkh txhvwlrqv/ wkh frpsxwhu vwduwv wkh urxqgv 49 wr 53
ri wkh vdph eorfn1 Wkh sd|r￿ wdeohv uhpdlq wkh vdph dv lq wkh ￿uvw 48
urxqgv1 Krzhyhu/ |rxu sd|r￿ zloo eh txdguxsolfdwhg e| wkh frpsxwhu iurp
urxqg 49 wr 531 Diwhu urxqg 53/ wkh eorfn hqgv1 \rx duh pdwfkhg zlwk d
qhz sduwlflsdqw dqg wkh sd|r￿ wdeohv duh fkdqjhg1
81 Wrwdo sd|r￿v
\rxu wrwdo sd|r￿ lq Wdohu frqvlvwv ri wkh sd|r￿v lq urxqg 4 wkurxjk 48
ri doo 6 eorfnv/ soxv wkh txdguxsoh sd|r￿v lq urxqg 49 wkurxjk 53 lq doo
6 eorfnv/ soxv 63 Wdohu iru hdfk fruuhfwo| dqvzhuhg txhvwlrq1 Gxulqj wkh
h{shulphqw wkh frpsxwhu lqirupv |rx derxw wkh sd|r￿v |rx hduqhg lq doo
urxqgv1 Krzhyhu/ |rx duh wrog wkh sd|r￿v iru fruuhfw dqvzhuv rqo| dw wkh
hqg ri wkh h{shulphqw1 Dw wkh hqg ri wkh h{shulphqw |rxu wrwdo sd|r￿ lv
sdlg wr |rx xqghu frqvlghudwlrq ri dq h{fkdqjh udwh ri 4 Wdohu @ 3139 GP1
Wkdqn |rx iru |rxu sduwlflsdwlrq1
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